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ABSTRACT
Background Occupational risks for bladder cancer in
hairdressers by using hair products have been examined
in many epidemiological studies. But owing to small
sample sizes of the studies and the resulting lack of
statistical power, the results of these studies have been
inconsistent and signiﬁcant associations have rarely been
found.
Methods We conducted a meta-analysis to determine
summary risk ratios (SRRs) for the risk of bladder cancer
among hairdressers. Studies were identiﬁed by
a MEDLINE, EMBASE, CENTRAL search and by the
reference lists of articles/relevant reviews. Statistical
tests for publication bias and for heterogeneity as well as
sensitivity analysis were applied. In addition, the study
quality and the risk of bias were assessed using six
criteria.
Results 42 studies were included and statistically
signiﬁcantly increased risks around 1.3e1.7 were found
for all but one analysis. The SRR increased with duration
of employment from 1.30 (95% CI 1.15 to 1.48) for ‘ever
registered as hairdresser’ to 1.70 (95% CI 1.01 to 2.88)
for ‘job held $10 years’. No difference was found
between the risk for smoking-adjusted data (SRR 1.35,
95% CI 1.13 to 1.61) and no adjustment (SRR 1.33, 95%
CI 1.18 to 1.50). Studies assessed as being of high quality
(n¼11) and of moderate quality (n¼31) showed similar
SRRs. There was no evidence of publication bias or
heterogeneity in all analyses.
Conclusion In summary, our results showed an
increased and statistically signiﬁcant risk for bladder
cancer among hairdressers, in particular for hairdressers
in jobs held $10 years. Residual confounding by smoking
cannot be totally ruled out. Because of the long latency
times of bladder cancer it remains an open question
whether hairdressers working prior to 1980 and after
1980, when some aromatic amines were banned as hair
dye ingredients, have the same risk for bladder cancer.
INTRODUCTION
Until the end of the 1970s several aromatic amines
(eg, 4-aminobiphenyl, benzidine, 2-naphthylamin,
4-chloro-o-toluidine) were used in hair dyes and
other hair products, which were identiﬁed as
carcinogenic for urothelial cancers.
1 2 In response,
regulatory action was taken in 1978 and some
aromatic amines were banned as hair dye ingredi-
ents in the European Union, but other aromatic
amines have still been used in hair dyes. Therefore
today, there seems to be no relevant bladder cancer
risk from the use of hair dyes. But human urothelial
cancers, chemically induced by aromatic amines,
typically have latency times often longer than 30 or
40 years.
2e5 As earlier exposures to aromatic amines
used in hair dyes could have an impact decades later,
this means that the possibility of bladder cancer in
hairdressers having worked with hair dyes during
earlier decades (prior 1980) should be taken into
account. Furthermore, a study conducted by
Turesky et al
6 demonstrates that aromatic amines
with carcinogenic effect (derivatives of 4-amino-
biphenyl) are still present in some commercial hair
dyes.
The risk for bladder cancer among hairdressers
has been examined in many epidemiological
studies. But owing to small sample sizes and the
resulting lack of statistical power the results of
these studies have been inconsistent and signiﬁcant
associations have rarely been found.
Two reviews summarised available evidence on
the association between hair dyes and cancer.
2 7 But
neither were the search strategies or inclusion
criteria for the studies explained, nor were extensive
meta-analyses carried out. Recently Reulen et al
8
conducted a meta-analysis on the association
between bladder cancer and occupation, among
others in hairdressers. A small but signiﬁcantly
increased risk was determined for hairdressers in the
pooled analysis, even for smoking-adjusted data.
But due to the fact that Reulen et al
8 worked on
a total of over 60 occupational groups, a more
detailed analysis for hairdressers was not possible
and is still missing. None of the three reviews
covered duration of exposure.
Therefore we conducted a meta-analysis to
determine the risk for bladder cancer among
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Reviewhairdressers in more detail: pooled risk estimators stratiﬁed by
study design, gender, study quality, duration of employment as
hairdresser and adjusted by smoking were calculated.
MATERIALS AND METHODS
Search strategy and screening form
We conducted a MEDLINE, EMBASE, CENTRAL search for
articles published after 1970 in October 2008 (update February
2009). The search terms included ‘Urinary Bladder Neoplasms’
[MeSH], ‘occupation’, ‘occupational exposure’ or ‘hairdresser’
and ‘hair dye’ or ‘hair color/colour’ or ‘hair colourant/colorant’.
Additional studies were identiﬁed from the reference list of
articles and relevant reviews. Three authors screened all abstracts
and full texts by an initially developed screening form, which
included the following inclusion criteria:
e Study design: randomised controlled trial (RCT), case-
control study or cohort study
e Study population: the population included hairdressers
e Exposure: job held as a hairdresser is clearly stated
e Analysis: occupation is determined as a risk factor
e Outcome: clinically conﬁrmed diagnosis of bladder cancer
e Languages: English and German
Studies which do not meet the inclusion criteria were
excluded and the reasons for exclusion were noted. When the
information provided by abstracts was insufﬁcient to decide on
inclusion or exclusion, we retrieved and evaluated the full text.
Assessment of study quality and the risk of bias
In concordance with the literature for the assessment of study
quality of observational studies
9e13 we generated six criteria.
Each of these criteria were scored with one, two or three stars as
follows:
1. A clearly stated aim
91 0 : reported and adequate (***), reported,
but inadequate (**), not reported (*).
2. Response rate/trace rate
11 12: $70% (***), $50% (**), <50%
(*).
3. Comparability of subjects
10e12: population-based controls
(***), matching (**), no matching (*).
4. Elevation of exposure
12:d e ﬁnition for job held $5 years (***),
deﬁnition for job held <5 years (**), deﬁnition for ‘ever
registered as a hairdresser’ or not reported (*).
5. Adequate statistical analysis and confounding
10 11 13: adjust-
ment for smoking (***), partially adjusted (**), non-adequate
statistics or not adjusted (*).
6. Discussion of limitations and generalisability
9: limitations
and generalisability discussed (***), partially discussed (**),
not discussed (*).
Two authors individually graded the study quality by
a predeﬁned form. In a consensus meeting the results were
compared and potential disagreement was resolved following
discussion.
We developed the grading system according to the process of
the Methodological Index for Non-Randomised Studies
(MINORS).
10 Overall, 18 stars could be achieved. By summing
up the stars, the studies were classiﬁed according to their quality:
17e18 stars¼high-quality level
#16 stars¼moderate-quality level
Evaluation of heterogeneity
Heterogeneity is a consequence of methodological diversity
between the studies and manifests itself in the observed effects
being more different from each other than one would expect by
random error (chance) alone. The absence of heterogeneity
among studies indicates between-study comparability. We used
the c
2 test to test for heterogeneity. Because the c
2 has lower
power in the situation of a meta-analysis when studies have
small sample size, we used a p value of 0.10 to determine
statistical signiﬁcance for heterogeneity. This means a non-
signiﬁcant result indicates absence of heterogeneity.
11
Statistical pooling
The data for the statistical analysis were extracted by a prede-
ﬁned data extraction form. For the overall meta-analysis we
extracted the sample size, the sizes of the case group and
control group, the effect estimate, given as the OR or the
standardised incidence ratio, or standardised mortality ratio
(both abbreviated as SMR), respectively, with a 95% CI. When
necessary, we contacted the authors of some studies for further
clariﬁcation. Data extraction was individually carried out by
two reviewers.
A summary risk ratio (SRR) was calculated using the generic
inverse variance approach. The weight given to each study in the
inverse variance approach is chosen to be the inverse of the
variance of the effect estimate (ie, one over the square of its
standard error (1/SE2
i )) which calculates a weighted SRR as
shown in the following formula
11:
SRR ¼
+
 
Ti=SE2
i
 
+
 
1=SE2
i
 
SRR¼summary risk ratio, Ti¼risk estimate in study i, SEi¼
standard error of the risk estimate in study i.
If SE was not given by the individual study, an approximate
standard error of the logarithm of the risk estimate was calcu-
lated as follows
11:
Figure 1 Flow diagram of the process of identifying and including
studies. *When the study population was described in more than one
study, only the study with the greatest number of cases was included. All
others were excluded as duplicates.
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ReviewTable 1 Abstracted study information and risk estimates for bladder cancer from the individual studies and assessment of study quality
Quality level: high
Study
design
Study
area
Study
period*
Study
population
Hairdressers: Main risk estimatey
(95% CI or p value)
Grading criteria
Cases Gender 1 2 3 4 5 6
Schoenberg et al
15 Case-c. USA 1978 1916 12 M 1.27 (0.59 to 2.73)x *** *** *** ** *** ***
Schumacher et al
16 Case-c. USA 1980 1294 2 F 0.45 (0.01 to 4.08) *** *** *** *** *** ***
M 0.69 (0.01 to 8.59)
Silverman et al
17 Case-c. USA 1977 5974 7 M 2.80 (0.70 to 11.60)x *** *** *** ** *** ***
Silverman et al
18 Case-c. USA 1977 1918 17 F 1.40 (0.70 to 2.90)x *** *** *** ** *** ***
Siemiatycki et al
19 Case-c. Canada 1982 2897 4 M 1.00 (0.30 to 2.90)x *** *** *** *** *** ***
Teschke et al
20 Case-c. Canada 1990 244 3 F/M 3.2 (0.20 to 179.00)x *** *** *** *** *** ***
Gago-Dominguez et al
21 Case-c. USA 1992 3028 20 F/M 1.5 (0.70 to 3.20)x *** *** *** *** *** ***
Zheng et al
22 Case-c. USA 1988 2736 5 M 1.8 (0.40 to 8.00)x *** *** *** *** *** ***
Colt et al
23 Case-c. USA 1997 331 4 F 2.1 (0.50 to 8.00)x *** ** *** *** *** ***
Gaertner et al
24 Case-c. Canada 1996 3734 8 M 3.42 (1.09 to 10.80)x *** ** *** *** *** ***
6 F 0.75 (0.28 to 2.01)x
Samanic et al
25 Case-c. Spain 1999 2079 12 M 1.24 (0.51 to 3.01)x *** *** ** *** *** ***
Quality level:
Moderate
Study
design Study area
Study
period*
Study
pop.
Hairdressers: Main risk estimatey
(95% CI or p value)
Grading criteria
Cases Gender 1 2 3 4 5 6
Viadana et al
27 Case-c. USA 1960 35 428 5 M 1.49 p>0.05x *** * * *** *** *
Howe et al
28 Case-c. Canada 1975 1264 3 M 4.04{ *** *** *** * *** ***
2 F 6.03{
Alderson
29 Cohort England 1970 504 7 M 1.23 p¼0.33 *** *** *** * * ***
Cartwright
30 Case-c. England 1979 2329 4 F/M 0.9 (0.30 to 3.20) *** * ** * ** ***
Teta et al
31 Cohort USA 1956 11 845 14 F 1.6 (0.74 to 2.27) *** *** *** *** * ***
Dubrow and Wegman
32 Cohort USA 1972 16 629 4 M 1.16 p<0.001 *** *** *** * * ***
Guberan et al
33 Cohort Switzerland 1962 1380 10 M 2.56 (1.39 to 4.35) *** *** *** ** * ***
2 F 2.00z
Morrison
34 Case-c. Boston 1977 2388 7 M 1.00 (0.00 to 2.60)x *** *** *** * *** **
Manchester 2 M NP
Nagoya 1 M NP
Vineis and Magnani
35 Case-c. Italy 1981 1108 9 M 0.90 (0.40 to 2.30)x *** * * ** *** ***
Pearce and Howard
36 Cohort New Zealand 1976 5356 2 M 17.84 (2.00 to 64.40) *** *** *** * * ***
Risch et al
37 Case-c. Canada 1987 1618 9 F 1.44 (0.22 to 11.80)x *** ** *** ** *** ***
11 M 0.65 (0.13 to 2.98)x
Lynge and Thygesen
38 Cohort Denmark 1975 14 371 7 F 1.76 (0.71 to 3.36) *** * *** * * ***
41 M 2.05 (1.51 to 2.78)
Steineck et al
39 Case-c. Sweden 1968 541 1 M 0.40 (0.00 to 4.70)x *** *** *** * *** ***
Skov et al
40 Cohort Norway 1972 6505 23 M 1.50 (1.00 to 2.30) *** * *** * * ***
11 F 1.50 (0.80 to 2.80)
Sweden 1970 23 464 54 M 1.50 (1.10 to 1.90)
6 F 0.40 (0.20 to 1.00)
Finland 1975 9566 0 M 1.67 (NP)
3 F 1.70 (0.40 to 5.10)
Total 39 535 97 F/M 1.30z
Burns and Swanson
41 Case-c. USA NP 6139 11 F/M 0.90 (0.40 to 1.90)x *** *** * *** *** **
Kunze et al
42 Case-c. Germany 1981 1062 10 M 1.70 (0.60 to 4.50) *** * * ** ** **
Pukkala et al
43 Cohort Finland 1979 247 1 F 0.40 (0.01 to 2.24) *** *** *** * * ***
Tro ¨gner
44 Case-c. Germany 1987 546 2 M 1.00 (1.14 to 7.10) *** * ** ** *** ***
0 F 0.25 (NP)
Bolm-Audorff et al
45 Case-c. Germany 1990 600 7 F/M 6.48 (1.15 to 36.61)x *** *** ** ** *** **
Cordier et al
46 Case-c. France 1986 1316 5 M 1.49 p>0.05x *** * ** ** *** ***
Burnett et al
47 Cohort USA 1975 133 560 6 M 1.42 (NP) *** * *** ** * ***
Golka et al
48 Case-c. Germany 1986 824 3 M 0.73 (0.15 to 3.48)x *** * ** ** *** **
Skov and Lynge
49 Cohort Denmark 1979 4337 67 M 1.58 (1.24 to 2.01) *** * *** * * *
12 F 1.23 (0.64 to 2.15)
Sorahan et al
50 Case-c. England 1992 2938 11 F/M 1.70 (0.74 to 3.89)x *** ** *** * *** ***
Lamba et al
51 Cohort USA 2001 9495 6 M 0.59 (0.27 to 1.31) *** * ** ** * ***
88 F 1.36 (1.10 to 1.68)
Bouchardy et al
52 Cohort Switzerland 1987 58 134 24 M 1.50 (1.00 to 2.20) *** *** * * * **
Czene et al
53 Cohort Sweden 1979 45 690 51 F 1.09 (0.81 to 1.43) *** *** *** *** * ***
87 M 1.22 (0.98 to 1.51)
Ji et al
54 Cohort Sweden 1984 24 041 88 M 1.10 (0.88 to 1.34)x *** * *** *** ** ***
Continued
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ReviewSE ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
ð1=A þ 1=CÞ
p
A¼events occurred in the case group, C¼events occurred in the
control group.
In case of homogeneity we used a variation of the inverse
variance approach with a ﬁxed effect model and in case of
heterogeneity we used the random effect model.
11 14
For the overall meta-analysis we used unadjusted data. If
unadjusted data were not published by the individual studies,
smoking-adjusted effect estimates were used for the overall
meta-analysis. For studies where only stratiﬁed data on sex
were given, we summarised the data and calculated the effect
estimate among both sexes combined to calculate the overall
SRR. All analyses were carried out using Review Manager 5 and
Microsoft Excel 2007.
Stratiﬁcation
For the stratiﬁed analysis we additionally extracted, where
given, smoking-adjusted and stratiﬁed data for various factors.
We calculated the SRR stratiﬁed for study design, gender, study
period (deﬁned as the mean year of ascertainment of the bladder
cancer cases), study area, adjustment for smoking and study
quality. If no adjustment or stratiﬁcation were given, the studies
were excluded from the stratiﬁed analysis. In addition, we
analysed whether the SRR varies by duration of job held as
a hairdresser, because demonstration of this association would
lend additional weight to a suspected causeeeffect relationship.
Therefore three mutually non-exclusive categories were deﬁned:
ever registered as hairdresser, job held $5 years and job held
$10 years. If no deﬁnition for job held was given or if the cate-
gorisation used in the study did not ﬁt neatly in this categories,
the studies were excluded from this analysis.
Sensitivity analysis
Sensitivity analysis was carried out by recalculation of SRR after
exclusion of each individual study in turn. This method of
sensitivity analysis indicates the importance of each individual
study in the combined meta-analysis and allows determination
of whether any of these had a disproportionate inﬂuence.
11
Publication bias
Following Egger et al
57 we explored publication bias due to study
size. First, we plotted the effect estimator versus the precision of
the estimate (deﬁned as the inverse of the standard error (1/SEi))
to explore publication bias due to study size. An asymmetry of
this funnel plot indicates publication bias.
57 Second, we tested
the funnel plot asymmetry by a linear regression approach on the
natural logarithm scale ofthe effect estimator. In thismethod the
standard normal deviate (SND), deﬁned as the effect estimate
divided by its standard error, is regressed against the precision.
The intercept provides a measure of asymmetrydthe larger its
deviation from zero, the more pronounced the asymmetry.
57
Table 1 Continued
Quality level:
Moderate
Study
design Study area
Study
period*
Study
pop.
Hairdressers: Main risk estimatey
(95% CI or p value)
Grading criteria
Cases Gender 1 2 3 4 5 6
Dryson et al
55 Case-c. New Zealand 2003 684 6 F/M 9.15 (1.60 to 52.22)x *** * *** ** *** ***
2 M 5.41z
4 F 9.95 (1.37 to 72.21)
Golka et al
56 Case-c. Germany 1993 492 4 M 4.9 (0.85 to 28.39)x *** ** ** ** *** ***
Case-c, case-control design; cohort, retrospective cohort design including registry data; M, male; F, female; Grading criteria, 1 (clearly stated aim), 2 (response rate / trace rate), 3 (comparability
of subjects), 4 (elevation of exposure), 5 (adequate statistical analysis and confounding), 6 (discussion of limitations and generalisability), NP, not presented; bold, statistically signiﬁcant.
*Mean year of ascertainment of bladder cancer cases.
yEffect estimates used for the overall meta-analysis, stratiﬁed data not presented in table.
zCalculated by data given by the original study.
xSmoking-adjusted (unadjusted data not given).
{If extended data are provided but the count in the exposed control group was 0, the risk estimator and SE were calculated by adding a correction of 0.5 events in order to include the study in the
meta-analysis as suggested by the Cochrane Collaboration.
11
Table 2 Pooled estimates of bladder cancer among hairdressers: stratiﬁed analysis
Stratiﬁed analysis Set of studies
No of
studies
Pooled estimators Homogeneity
SRR 95% CI c
2
p
Value
All studies 42 1.34 1.21 to 1.48 39.88 0.52
Gender
Data for female hairdressers
16 18 23 24 26 28 31 33 37 38 40 43 44 49 51 53 55 17 1.25 1.05 to 1.50 15.55 0.48
Data for male hairdressers
15e17 19 22 24e29 32e40 42 44 46e49 51e56 32 1.52 1.34 to 1.72 36.14 0.24
Study period*
Ascertainment of cases < 1979
15 17 18 27e34 36 38e40 43 47 49 53 19 1.37 1.19 to 1.58 12.35 0.83
Ascertainment of cases 1980e1989
16 19 22 35 37 42 44 46 48 52 54 11 1.24 1.00 to 1.53 7.15 0.71
Ascertainment of cases > 1990
20 21 23e25 45 50 51 55 56 10 1.42 1.16 to 1.75 13.82 0.13
Study areay
USA/Canada
15e24 26e28 31 32 34 37 41 47 51 20 1.28 1.08 to 1.52 10.69 0.93
Europe/Nordic countries
25 29 30 33e35 38e40 42e46 48e50 52e54 56 20 1.34 1.19 to 1.52 21.20 0.33
Adjusted data
Adjusted for smoking
15 17e25 27 34 35 37 39 41 45 46 48 50 54e56 23 1.35 1.13 to 1.61 28.81 0.19
No adjustment
16 26 28e33 36 38 40 42e44 47 49 51e53 19 1.33 1.18 to 1.50 14.05 0.78
Study quality level
High quality
15e25 11 1.35 1.03 to 1.77 4.77 0.91
Moderate quality
26e56 31 1.34 1.20 to 1.49 35.11 0.24
*Two studies
26 41 were excluded because study period was not presented in the original study.
yTwo studies from New Zealand
35 55 were excluded from this analysis.
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ReviewRESULTS
Studies identiﬁed and assessment of study quality
We identiﬁed 309 abstracts from the database search and 27 were
added from references (n¼336). Two hundred andﬁfty-eightwere
excluded, because they did not meet the inclusion criteria. Of
these excluded studies, 29 were published in other languages than
English or German, but 26 provided an English abstract. These
abstracts were screened and 24 of them were excluded because
they did not meet the inclusion criteria. The information of two
abstracts wasinsufﬁcientto decideon inclusionor exclusion. This
means that we excluded ﬁve studies because of language issues
alone. Finally, 78 studies needed to be reviewed as full-text articles
and 42 articles met the inclusion criteria (ﬁgure 1).
Of the included studies, 28 used a case-control design and 14
studies used a retrospective cohort design. RCTs or prospective
cohort studies were not identiﬁed. The effect estimate for
bladder cancer among hairdressers varied between 0.40 and
17.84, and the studies included from one up to 138 cases in
hairdressers. Eleven studies were assessed as being high-quality
studies; all of these studies had been case-control studies. Thirty-
one studies were assessed as being of moderate quality, with 17
of these studies having a case-control design and 14 having
a retrospective cohort design (table 1).
Results of the overall meta-analysis
The meta-analysis of all included studies (n¼42) showed
as i g n i ﬁcantly increased SRR of 1.34 (95% CI 1.21 to 1.48) and
the c
2 showed no evidence of heterogeneity (c
2 39.88, p¼0.52)
(table 2). Visual examination of the funnel plot to assess
publication bias reveals no systematic relation between study
sizeand magnitudeof the estimator(OR/SMR) (funnelplot not
shown). The statistical test applied did not show signiﬁcant
funnel plot asymmetry either (intercept 0.37; 95% CI  0.14 to 0.88).
Sensitivity analysis
Sensitivity analysis by exclusion of each study in turn did not
modify the results of the meta-analysis and showed robust
results. The SRR ranged from 1.33 to 1.37 and all SRRs were
statistically signiﬁcant (ﬁgure 2).
Stratiﬁed analysis
Figure 3 illustrates the forest plot of case-control studies and
cohort studies. The SRR calculated for case-control studies was
1.41 (95% CI 1.51 to 1.74) and for cohort studies 1.32 (95% CI
1.17 to 1.48). Both plots showed a good overlap of the conﬁdence
interval and no evidence of heterogeneity (case-control studies:
c
2 29.86, p¼0.32; cohort studies: c
2 9.73, p¼0.72). Drawing the
funnel plot of case-control studies (intercept 0.66; 95% CI  0.46
to 1.78) and cohort studies (intercept 0.37; 95% CI  0.52 to 1.27)
separately did not reveal asymmetry (funnel plot not shown).
Signiﬁcantly increased risks and no evidence of heterogeneity
were also found for stratiﬁed analysis shown in table 2. Small
differences were found between studies stratiﬁed by gender: the
risk for male hairdressers (SRR 1.52, 95% CI 1.34 to 1.72) was
slightly higher than the risk for female hairdressers (SRR 1.25,
95%CI1.05 to1.50).Signiﬁcant increased risks,butnotrendwith
time, were found for the set of studies stratiﬁed by study period.
The SRR for studies with ascertainment of cases #1979 was 1.37
(95% CI 1.19 to 1.58), the SRR for studies with ascertainment of
cases between 1980 and 1989 was 1.24 (95% CI 1.00 to 1.53) and
the SRR for studies with ascertainment of cases $1990 was 1.42
(95% CI 1.16 to 1.75). Nearly no difference in risk was found
between studies from the USA/Canada and Europe/Nordic
countries as well as between studies with smoking-adjusted data
and studies with no adjustment. Also, no difference in the risk
was shown between studies assessed as being high-quality studies
or as being moderate-quality studies (table 2).
Duration of job held
The risk of bladder cancer increased with the duration of
employment as a hairdresser and all analyses showed no
evidence of heterogeneity in all three strata. The SRR calculated
for studies with data for hairdressers who were ever registered
for employment (n¼19) showed a risk of 1.30 (95% CI 1.15 to
1.48). The SRR calculated for studies with stratiﬁed data for job
as a hairdresser held for $5 years (n¼3) showed an increased, but
not signiﬁcant risk of 1.52 (95% CI 0.79 to 2.93) and the SRR
calculated for studies with stratiﬁed data for job held $10 years
(n¼6) showed an increased and signiﬁcant risk of 1.70 (95% CI
1.01 to 2.88) (ﬁgure 4).
DISCUSSION
We found signiﬁcantly increased risks for bladder cancer among
hairdressers in all but one analyses. To our knowledge this is the
ﬁrst meta-analysis approach covering bladder cancer in hair-
dressersthattestedbetween-studycomparabilitybyevaluationof
heterogeneity and that tested for publication bias. Furthermore
the duration of employment as a hairdresser was considered for
the ﬁrst time and a predeﬁned quality assessment tool was used.
Figure 2 Forest plot showing the inﬂuence of excluding each individual
study on the summary risk ratio (SRR) obtained using all studies for
bladder cancer among hairdressers. Vertical dashed line¼SRR obtained
using all studies, vertical solid lines¼95% CI of the SRR using all studies,
block with line¼SRR with 95% CI obtained by omitting the mentioned
study.
yFor convenience reasons only the ﬁrst author is given.
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ReviewRelevant literature and publication bias
We found 42 studies which met the inclusion criteria. Reulen et
al
8 found 29 studies which analysed this association. Even
though the risk of bladder cancer among hairdressers is meth-
odologically best observed in RCTs or prospective studies, our
meta-analysis had to rely on observational studies, because RCTs
or prospective studies were not found.
Another point is that the results of a meta-analysis might be
affected by publication bias. Publication biases result from the
probability that studies with a signiﬁcant effect are more likely
to be published in journals indexed in databases such as
MEDLINE than studies which found no effect. In order to avoid
such publication bias, we included also studies which were
published in German and studies which were not published in
indexed journals (eg, results of dissertations
44 and reports from
federal institutes).
45 In addition, publication biases can also result
from language bias, because studies published in other languages
than English or German were not included in our meta-analysis.
In order to assess potential language bias in our meta-analysis we
checked the amount of studies published in other languages
found by our search strategy and, if provided, the English
abstract for inclusion criteria. Finally, if we had not applied our
language restriction, ﬁve additional studies would have been
included in our meta-analysis. Furthermore we formally tested
for publication bias but did not ﬁnd an indication for asymmetry
of the funnel plot and consequently for publication bias.
Results of the meta-analysis and study quality
The SRR for all studies included in our meta-analysis was 1.34.
Furthermore, we conducted a sensitivity analysis to evaluate the
importance of each study in the overall meta-analysis and we
found no evidence for a disproportionate inﬂuence of individual
studies. In their meta-analysis, Reulen et al
8 also found a signiﬁ-
cant but slightly lower risk of 1.24 (no test for heterogeneity or
publication bias). In addition, in the review of La Vecchia
7 the
observed (O) and expected (E) cases of seven cohort studies were
summarised and a risk of 1.4 was calculated by dividing O/E (no
test of signiﬁcance).
We pooled the data separately for case-control and cohort
studies, because the study design has an impact on the meth-
odological quality of studies. We found nearly the same risk for
case-control and cohort studies with a statistically signiﬁcant
SRR of 1.3 and 1.4, respectively, and no evidence of heteroge-
neity as well as no indication of publication bias. Reulen et al
8
also found nearly no difference between case-control and cohort
studies, but with signiﬁcant SRRs around 1.2, the risk was
slightly lower (no test for heterogeneity or publication bias).
In addition, we assessed the quality and the risk of bias of the
included studies, because irrespective of the study design there
might be other issues of interest in terms of study quality. A
number of checklists and indexes have been proposed, but none
of these seemed to be suitable for our study question.
10 13
Figure 4 Forest plot of studies by duration of job held as a hairdresser.
Block¼risk estimates (size displays weight), line¼95% CI.
yFor
convenience reasons only the ﬁrst author is given. Studies
17 18 26 33 35 37
41 42 44e48 51 52 55 56 with no deﬁnition or unsuitable deﬁnition for job held
were excluded form this analysis.
Figure 3 Forest plot of studies by study design. Block¼risk estimates
(size displays weight), line¼95% CI.
yFor convenience reasons only the
ﬁrst author is given.
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recommendations for systems to rate the quality of observational
studies
9e13 we developed a quality assessment tool adapted for
our study question. This tool has not been validated but it turned
out to be suitable for our purposes.
However, following our assessment tool we found only case-
control studies and no retrospective cohort studies for the high-
quality level. This is not surprising because registry data have
a number of limitations; these were also mostly the reasons for
downgrading the study quality. First, information on occupation
is not fully registered.
47 Second, registry data contain no addi-
tional information on occupation, for example, about duration of
job held.
47 51 52 And third, information on potential confounders
such as smoking is often missing. But well-designed studies based
on registry data might also have beneﬁts. They are routinely
collected, provide a big amount of data with very little data
missing and the data can be determined for several causes of
death or diseases.
47 Therefore registry data canprovide important
information to some potential health problems, especially for
occupational health problems. This is also shown by a compar-
ison study.
47 The ability of death certiﬁcate data was compared
with the ability of data of a population-based case-control study
to identify high-risk occupations for bladder cancer. In this
comparison the rate of agreement was 62%.
Case-control studies might also have limitations and were
therefore assessed as being of moderate quality. Reasons were
mostly a relatively low response rate and missing stratiﬁcation
for the duration of employment. In addition, the control group
of some case-control studies was hospital-based and sometimes
the control group was not chosen with matching.
Nevertheless, we found nearly the same risks with a signiﬁcant
SRR around 1.35 for high-quality and moderate-quality studies.
In summary, irrespective of the study design and the level of
quality we found consistent risks with a signiﬁcant SRR around
1.3e1.4.This corroborates theinterpretation that there is a causal
association between bladder cancer and job held as a hairdresser.
Stratiﬁed data
We found signiﬁcantly elevated risks and no evidence of
heterogeneity in all sets of studies. The pooled risk estimator for
female and male hairdressers differed slightly with statistically
signiﬁcant SRRs of 1.25 for females and 1.52 for males. More or
less the same results were found by Reulen et al.
8 They also
established a slightly higher risk in males than in females. Some
authors who found higher risks for male than for female hair-
dressers conclude that the risk for bladder cancer is mainly caused
by exposure with brilliantine, which was used in the past for hair
grooming in men.
24 53 But in contrast, other studies found
a higher risk for female than for male hairdressers.
26 51 55 Nearly
no difference in risk was found between studies from the USA/
Canada and studies from Europe/Nordic countries. To our
knowledge this comparison was not performed in other meta-
analyses on bladder cancer among hairdressers.
Tobacco consumption is a well-established risk factor for
bladder cancer.
26 28 30 34 53 The pooled riskestimator for smoking-
adjusted data in our meta-analysis showed with 1.35 nearly the
same risk as the pooled risk estimator for no adjustment for
smoking (both statistically signiﬁcant). Reulen et al
8 found
a signiﬁcant risk of 1.29 for smoking-adjusted data among hair-
dressers and an elevated but not signiﬁcant risk of 1.20 for no
adjustment for smoking. This makes it likely that confounding
by smoking is of minor importance even though its inﬂuence
cannot be completely ruled out because quite a few studies
(n¼19) did not control for confounding.
Risk by duration of job held
To our knowledge, the association between the duration of job
held as a hairdresser and the risk of bladder cancer was not tested
before by meta-analysis. The risk of bladder cancer increased
with the duration of job held, in particular for hairdressers with
a duration of job held for $10 years. The pooled data for the
duration of job held $5 years were also elevated, but the effect
was not statistically signiﬁcant. The lack of a signiﬁcant effect
may be due to limited study power as only three studies provided
data for job held $5 years.
Duration of working as a hairdresser was used as exposure
surrogate. Because of the different ways duration was assessed
in the studies, it was not possible to create mutually exclusive
exposure categories, for example, the lowest category ‘ever
registered as hairdresser’ might also contain hairdressers who
worked for more than 10 years. However, our results suggest that
there is an association between the duration of job held, espe-
cially for hairdressers with job held for $10 years, and this lends
additional weight to a suspected causal relationship.
Time aspects and the risk of bladder cancer
It remains an open question whether current occupational
exposure to modern hair dyes and other hair products is still
related to some excess bladder cancer risk among hairdressers.
The data of none but one
53 study included in our meta-analysis
are not eligible to analyse this association because the studies did
not specify the calendar year during which exposure occurred.
In this respect, the year of case ﬁnding is of limited value
when trying to distinguish different exposure periods. Because of
the long latency times (30 or 40 years) even recently conducted
analyses with bladder cancer cases ascertained after 1995
23e25 or
after 2000
55 may observe risks caused by the exposure to
aromatic amines included in hair products before 1980.
The analysis stratiﬁed for study period showed signiﬁcant
elevated risks, but no trend with time while Reulen et al
8 found
increasing risks with time in their meta-analysis. Risks of 1.18,
1.27 and 1.48 were found for ascertained bladder cancer cases in
hairdressers before 1980, between 1980 and 1989, and after 1989,
respectively.
In order to determine whether occupational exposure to
modern hair products is still related to a risk for bladder cancer, it
would be useful to determine whether hairdressers working
before 1980 and hairdressers working after 1980 have the same
risk. A Swedish retrospective cohort study conducted by Czene
et al
53 is the only study that distinguishes different exposure
periods. Registry data with data of four exposure periods yielded
declining SMRs: the risk for males registered as hairdressers
between 1960 and 1969 was 2.56 (signiﬁcant). The risk decreased
to 1.35 for the period 1970e1979, to 1.25 for the period
1980e1989 and to 0.92 for the period 1990e1998 (all not
signiﬁcant). No increased risk estimate was found for female
hairdressers, so the data were not presented.
53 It remains
unsettled to which extent this decline is explained by different
latency periods or by a real decline in risk.
CONCLUSION
All our results taken into account, we conclude that there is
good evidence for an increased risk of bladder cancer among
hairdressers, in particular for hairdressers in jobs held $10 years.
We included 42 studies in our meta-analysis: no indication of
publication bias or heterogeneity was found. We found SRRs in
the range from 1.25 to 1.70 which were positively associated
with duration of employment, rendering a causal association
between bladder cancer and job held as a hairdresser likely. The
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Reviewrisks for smoking-adjusted data were more or less the same than
for data with no adjustment. Potential for residual confounding
cannot be ruled out but this risk seems small. It remains an open
question whether hairdressers working after 1980 only, when
aromatic amines with known mutagenic or carcinogenic effects
were banned from hair dye ingredients in the European Union,
still present an increased risk for bladder cancer.
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